We have previously constructed the physical map of a cyanobacterium, Synechoystis sp. strain PCC6803 on the basis of restriction and linking clone analysis. Since a total of 82 genes and gene clusters have been isolated from this strain, most of which are involved in oxygenic photosynthesis, portions of their sequences were amplified by the PCR method and assigned on the physical map of the genome by hybridization with restriction fragments, ordered clones, which were obtained from cosmid and A libraries, and long PCR-products. An exception was the gene psbG2 which" was mapped on an extra-chromosomal unit of 45 kb. Since genetic maps of some of genes assigned above, especially those for photosynthesis, have been reported for two other cyanobacterial strains, Anabaena sp. PCC7120 and Synechococcus sp. PCC7002, gene organizations were compared among the three strains. However, no significant correlation was observed, suggesting that rearrangement of genes occurred in the respective strains during or after establishment of the species.
For understanding of the entire genetic system involved in oxygenic photosynthesis as well as that carried by a single organism which was born a very ancient age, we have started the sequencing project of the entire genome of a unicellular cyanobacterium, Synechocystis sp. strain PCC6803. As the first step of the project, we constructed a physical map of the genome by restriction analysis using Asc I, Mlu I and Spl I, and confirmed the map by isolation of linking cosmid clones which covered the restriction sites. 1 The estimated genome size was 3.6 Mb. A total of 82 genes and gene clusters, most of which are involved in photosynthesis, have been isolated from this strain and characterized at the sequence level. In this paper, we assigned these genes on the physical map of the genome, and compared their organization with those of two other cyanobacterial strains, Anabaena sp. PCC7120 2 and Synechococcus sp. PCC7002, 3 in which the genetic maps of some of genes assigned in this study have already been reported.
For precise mapping of genes and gene clusters on the genome, we constructed a more detailed physical map by isolation of overlapping clones from cosmid and A libraries of the genome. Since most cosmid clones carrying Synechocysis DNA were stably maintained in Escherichia Communicated by Mituru Takanami * To whom correspondence should be addressed. Tel. +81-438-52-3920, Fax. +81-438- coli cells, approximately 1,100 clones from a cosmid library with an average insert size of 40 kb 1 were first sorted by cross-hybridization, and the resulting contigs were located on the map by hybridization with restriction fragments. About 90% of the genome could be covered with 127 cosmid clones (Fig. 1) . The gap regions are now being filled using a A library which was constructed by cloning of fractionated 15-20 kb Sau3AI fragments of the genome into A Dashll vector (Stratagene, USA), and also by the long PCR products. So far, more than 90% of the entire genome have been covered by cosmid and A clones and long PCR products ( Figs. 1 and 2) .
As the sequence information of 82 genes and gene clusters 4 " 75 which are listed in Table 1 is available, we designed a set of primer pairs about 20 bp in length for each gene or gene cluster, and the regions of about 500-1000 bp were amplified by PCR. The respective probes were hybridized to Southern blots of Asc I, Mlu I and Spl I digests of the genome and to membranes dotted with ordered clones. The results obtained are summarized in Fig. 1 , in which the circular genome was shown linearized at the Asc I site connecting Asc I-F and Asc I-E fragments (0/100 position), and under the linear map, restriction maps for Asc I, Mlu I and Spl I, regions covered by respective clones, and name of genes or gene clusters are shown. All the genes examined except one were successfully localized on the map. b^ Accession numbers of GenEMBL. *^ Personal communications from c) Ogawa, T., d) Kawarabayashi, H., e) Ikeuchi, M., f) Steinmiiller, K. *^ Our preriminaly sequence data.
For comparison of the gene organization with those of two other cyanobacterial strains, the gene locations are also illustrated on a circular map (Fig. 2) . As the l-Ceu I cleavage site specific for the rrn operon 76 was identified at two sites, 68.5' and 93', these sites were designated for rrnA and rrnB, respectively. This has been confirmed by sequence analysis of these regions (to be published). Since the presence of two rrn operons has also been reported for two other cyanobacterial strains, the positions of genes and gene clusters relative to the two rrn operons were compared. However, no significant correlation was observed among the three strains. The result implies that rearrangement of genes occurred in the respective strains during or after establishment of the species. In this connection, it should be noted that we have detected an IS element in the course of sequencing the genome (to be published).
The probe for psbG2, e4 the second gene for subunits of NAD(P)H dehydrogenase, and cosmid clones carrying this gene were not hybridized to any restriction fragments generated by Asc I, Mlu I and Spl I, and to cosmid clones assigned to the genome. It is therefore likely that this gene is present on a plasmid, in accordance with the observation of Steinmiiller and Bogorad. 77 To confirm this, the insert was generated from a psbG2-caiTy'mg cosmid clone (CSO208), and PCR amplification was carried out using the sequences from both ends. As a consequence, a product of about 0.5 kb (LA215-216) was obtained, indicating that the gene was located on a 45-kb plasmid, named pSYSG, which was different from the two extra-chromosomal units previously identified, pSYSM (125 kb) and pSYSA (110 kb). 
